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@ The hose (14) has a core tube (1 ) and an outer protective 
sheath (7). Disposed between the core tube and the sheath (7) 
is a plurality of layers (2 to 6) of reinforcement of which at least 
two of the layers comprise synthetic fibers having a tenacity of 
from about 12 to about 25 grams per denier arffatf elongation 
at break of from about 2% to about 8%. 

The hose (14) is synthetic fiber layers being positioned in 
prescribed helically wound and 'or braided combinations in 
conjunction with a prescribed twisted relationship that fea- 
tures the fibers closest to the core tube as a plurality of the 
same or different deniers of the fiber in the form of a plurality 
of cords having a twist of more than about 1.5 turns per inch 
* fm and the fibers outwardly adjacent thereto as a plurality of the 

^ same or different deniers of the fiber having a twist of about 
1.5 turns per inch or less. 
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FATIGUE RESISTANT 
HIGH PRESSURE HOSE 

INTRODUCTION 

This invention relates generally to a flexible 
composite fibrous reinforced high pressure hose resistant 
to fatigue under pressure pulsation and flexing conditions. 

BACKGROUND OF THE INVENTION 

Fibrous reinforced hoses used for the conveyance 
of fluids under pressure are well known. Generally, such 
fibrous reinforced hose provides improved resistance to fa- 
tigue under pressure pulsation and flexing conditions over 
equivalent hose constructions that utilize metallic wires 
for the reinforcing material. 

Until recent time, fibrous reinforced hose has 
been limited in its pressure carrying capacity because of 
the strength limitations inherently associated with fibers 
made from conventional materials such as rayon, aliphatic 
nylon, cotton and poly (alkyline-terephthalate) ester, such 
as poly (ethylene-terephthalate) ester sold by E. X« du Pont 
de Nemours and Co., under the trademark "Dacron", and the 
like. Adding layer upon layer of such conventional fibers 
about the core tube of a hose is not the solution for signi- 
ficantly increasing its pressure carrying capacity for it 
has been found that such hoses tend to become overly large 
in their outer diameters and that the efficiency of each 
additional layer of reinforcement decreases as its radial 
distance from the outer surface of the core tube of the 
hose increases. 

The development of fibers made from aromatic 
polyamide materials by personnel of E. I. du Pont de Nemours 
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during the late 1960's and early 1970 *s such as disclosed 
in the United States Patent 3,600,350, has for the first 
time provided the hose making industry with a fiber having 
significantly improved strength characteristics. The aro- 
5 matic polyamide fiber is marketed by E. I. du Pont de Nemours 
and Co. under the trademark "Kevlar" and is known in the trade 
variously as "Fiber B" and as an "aramide" filament. Fibers 
spun from "Kevlar" aromatic polyamide have a high tensile 
modulus and are composed of monofilaments prepared from the 

10 reaction mixture of an aromatic dicarboxylic acid and an 

aromatic diamine such as terephthalic acid or anhydride and 
p-phenylene diamine. Alternately, the aromatic polyamide 
may be an aromatic aminocarboxylic acid, such as 4 -amino- 
benzoic acid. Fibers made from "Kevlar" generally exhibit 

15 a tenacity of from about 12 to about 25 grams per denier, 

with an average of about 20 grams per denier, and an elonga- 
tion at break of about 2% to about 8% with an average of 
between 2% and 4%. 

In contrast, fibers made from "Dacron" or aliphatic 

20 nylon filaments generally have a tenacity in the range of 

8 to 12 grams/denier and an elongation at break in the range 
of about 8% to about 12%. Thus fibers made from "Kevlar" 
are generally twice as strong as the aforementioned conven- 
tional fibers and exhibit about one-half of the elongation 

25 at break pf such fibers. The term "aromatic polyamide" 
fibers as used herein means a synthetic fiber made from 
aromatic polyamide having a tenacity in substantially un- 
twisted form of from about 12 grams/denier to about 25 grams/ 
denier and an elongation at break of about 2% to about 8%, 4 

30 it is also known to those familiar in the synthetic 

fiber art that the amount of twist in the fiber, expressed 
in turns/inch, has an effect upon the tenacity of the fiber. 
Generally, the tenacity of a fiber will increase up to a 
point as the amount of twist is increased and once that 

35 point is xceeded will then begin to decrease as the amount 
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of twist becomes increasingly excessive, E. I. du Pont 
de Nemours discloses such a phenomena related to "Kevlar" 
on Page 7 of their Bulletin K-3 dated December 1978. 

Also to be considered in the art of constructing 
5 high pressure hoses is whether to utilize one or more helic- 
ally wound or braided reinforcement layers or combinations 
thereof. Generally, one or more layers of helically wound 
reinforcement has been used in the past to provide hose cap- 
able of withstanding extremely high pressure. Helically 

10 wound layers of reinforcement are believed to provide greater 
strength over an equivalent amount of braided reinforcement 
due to the fact that adjacent fibers in each layer are able 
to lay more intimately against each other in contrast to the 
"in and out" pattern associated with a braided construction. 

15 An example of an early use of combined spiral wrapped and 

* 

braided reinforcement in high pressure hose can be found in 
United States Patent 1,973,756 in which is disclosed a flex- 
ible hose capable of withstanding extreme pressures having a 
braided reinforcement sheath about the core tube and a helic- 

20 ally wound reinforcement sheath about the braided sheath with 
a yieldable material disposed between the reinforcement lay- 
ers. The disclosure however is directed primarily towards 
the use of metal wire as the reinforcement material and does 
not take into account the effect that twist may have on 

25 fibrous reinforcements. 

Although it has been found that aromatic poly- 
amide fibers can be used to provide hoses designed to with- 
stand extremely high pressure, it has also been found that 
such hoses , for some not yet understood reason, exhibit poor 

30 resistance to flexing and pressure pulsation fatigue and 

that something more is required than merely increasing the 
twist of such fibers to provide an optimum level of tenacity. 

It has been discovered that a significant improve- 
ment in the resistance to flexing and pressure pulsation 

35 fatigue of high pressure hoses utilizing aromatic polyamide 
. . pan be achieved where there is a prescribed relationship 
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between the amount of twist associated with successive 
layers of such fiber about the core tube of the hose. Thus, 
the present invention contemplates a means by which the 
aforementioned strength of aromatic polyamide fibers, such 
5 as "Kevlar", can be used to advantage and further provides 
a means of significantly improving the working life asso- 
ciated with the use of such hose, 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to 
10 provide a hose capable of conveying fluids under extremely 
high pressure in conjunction with having improved resistance 
to flexing and pressure pulsation, fatigue. 

It is another object of this invention to provide 
a reinforced hose that utilizes aromatic polyamide fibers 
15 for at least a portion of its reinforcement in a manner such 
that the resistance of the hose to flexing and pressure pul- 
sation fatigue is significantly improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURES 1 through 4 are side elevations of embodi- 
20 ments of hoses made in accordance with the invention; 

FIGURE 5 is a side elevation of an embodiment of 
a hose made in accordance with the invention; and 

FIGURE 6 is a side elevation of another embodi- 
ment of the hose of the invention „ 

25 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

FIGURE 1 shows an embodiment of hose 14 of the 
invention having a core tube 1 surrounded by an outer pro^ 
tective sheath 7. Sheath 7 is cut away to show a plural- 
ity of layers of fibrous reinforcement disposed between 
30 cor tube 1 and sheath 7. A first layer 2 of fibrous re- 
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inforcement is disposed in adjacent relationship about the 
outer surface of core tube 1 and comprises a plurality of 
t aromatic polyamide fibers that are in substantial adjacent 

parallel relationship to each other and are wound under 
5 suitable tension about core tube 1 in such a manner as to 
provide the amount of coverage desired. In the design of 
high pressure hoses, it is generally desired to cover at 
least 90% of the outer surface of a core tube in the case 
where maximum strength is required. Second layer 3 com- 

10 prises a plurality of adjacently parallel aromatic poly- 
amide fibers that are wound helically about layer 2 in a 
direction generally opposite to the direction of winding 
layer 2. Layers 2 and 3 are each termed what is known as 
"half -laps" in the trade. Oppositely wound helical layers 

15 of fiber are normally used in pairs in hose constructions 
so as to counterbalance the torsional twist that may occur 
under pressure by the use of only a single layer wound hel- 
ically about the core tube. Third layer 4 is disposed 
about layer 3 and is comprised of a plurality of helically 

20 wound substantially parallel adjacent aromatic polyamide 
fibers that are wound in a direction generally opposite to 
layer 3. Fourth layer 5 is disposed about layer 4 and is 
comprised of plurality of helically wound substantially 
parallel adjacent aromatic polyamide fibers that are wound 

25 in a direction generally opposite to the winding direction 
of layer 4. Fifth layer 6 is a braided layer of fibrous 
reinforcement that may be made of any suitable fiber such 
as, for example, aromatic polyamide, aliphatic Nylon or 
"Dacron" or mixtures thereof. The fibers of the fifth 

30 layer 6 shown in the hose of FIGURE 1 are made from "Dacron". 
« A braided layer features the winding of the fibers in sub- 

stantially opposite directions about the core tube and, as 
such, generally does not require a second braided layer to 
counterbalance any torsional twist as in the case of a 

35 helically wound layer. 
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The adjacently parallel aromatic polyamide fibers 
in each of layers 2, 3, 4 and 5 and the adjacent fibers of 
braided layer 6 are each comprised of selected deniers of 
fiber where denier is a term relating to the weight of the 
5 fiber per a given length and is reflective of the amount 
of monofilaments present* Generally, the larger the denier 
number, the greater the number of monofilaments present and 
the heavier the fiber. Several deniers of a given fiber are 
usually available from their manufacturer and the user may 

10 combine deniers to provide the amount of fiber desired to 

be used in a particular application. For example, 1000 and 
1100 denier "Dacron" and 1500 denier aromatic polyamide are 
presently available and are commonly used by manufacturers 
of reinforced hose. 

15 in addition to variations in denier, fibers can 

usually be purchased either without twist or with a limited 
amount of twist in the deniers standardly available and the 
combining of deniers also provides an opportunity for in- 
corporation of a twisted relationship between the deniers 

20 combined. Fiber manufacturers generally limit the amount 
of twist in standard deniers to 1.5 turns per inch or less 
leaving it to the user or the users converters to provide 
greater twist where desired. As used herein the term denier 
means a denier of such fiber that is twisted to 1.5 turns 

25 per inch or less and a plurality of deniers means a plurality 
of the same or different deniers of the fiber. The direction 
of twist can be either clockwise or counterclockwise when 
viewed from the end of the fiber. In the trade, a clockwise 
twist is designated a "Z" twist and a counterclockwise twist 

30 is designated an "S" twist. The twisting together of a 
plurality of the same or different deniers of fiber in a 
direction opposite to the direction of twist in 
each of the deniers of the fiber provides what is called 
"cord* or "corded" fiber in the trade. Thus, for example, 

35 a B cord n is cr a ted where two deniers f a given f ib r 
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(each having a "Z" twist) are twisted together in an "S" 
twist. The term "cord" or "corded" fiber as used herein 
means a plurality of the same or different deniers of such 
fiber twisted together at more than about 1.5 turns per inch 
5 in a direction when viewed from the end of the combination 
of deniers that is opposite to the direction of twist asso- 
ciated with each of the deniers. 

The angle between the fibers and the central lon- 
gitudinal axis of the hose is generally dependent upon the 
10 relationship between the strength, elongation and volumetric 
expansion characteristics desired for a particular hose. In 
most cases the fiber is disposed about the core tube at an 
angle of between 40° and 60° from the central longitudinal 
axis of the hose. Although a single pair of two adjacent 
15 helically wound half laps would generally have opposite 

angles as close as possible to each other in order to coun- 
ter balance torsional twist , another layer of braided fiber 
or pair of oppositely helically wound half laps may have an 
angle that is significantly different from the angle asso- 
ciated with another layer of reinforcement in the hose. 
Generally, the larger the angle of the fiber from the central 
longitudinal axis of the hose then the lower the diametrial 
expansion and the greater the elongation of the hose. In 
the case of high pressure hose, it is preferred to combine 
25 fibers angles such that the result of the combination pro- 
vides an optimum amount of strength available from the fi- 
bers in combination with an elongation characteristic that 
is about neutral at the working pressure of the hose. 

It has been found that in order to improve the 
resistance to flexing and pressure pulsation fatigue in 
high pressure hose construction utilizing aromatic poly- 
amide fibers, the aromatic polyamide fibers closest to the 
core tube should be in the form of cord, previously des- 
cribed, having a twist of more than about 1.5 turns per 
inch and that one or more layers of aromatic polyamide 
fibers of the sam or different denier having a twist of 
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about 1.5 turns per inch or less should be disposed in 
adjacent relationship in a prescribed manner about the 
corded layer or layers of aromatic polyamide fibers. 

In FIGURE 1/ the aromatic polyamide fibers in 
layers 2 and 3 comprise a plurality of cords of said 
fiber having a twist of more than about 1.5 turns per 
inch and the aromatic polyamide fibers in layers 4 and 5 
comprise a plurality of the same or different denier s of 
said fiber having a twist of about 1.5 turns per inch or 
less. It is believed that the amount of twist associated 
with corded denier s of aromatic polyamide fibers should 
not exceed about 17 to 20 turns per inch and that a pre- 
ferred combination is where one or more layers of aromatic 
polyamide fibers adjacent the core tube, as described here- 
in, comprise a plurality of the same or different denier s of 
said fiber corded together with a twist of from about 4 to 
about 10 turns per inch and more preferably about 7 turns 
per inch and one or more layers of aromatic polyamide fibers 
as described herein, comprising a plurality of the same or 
different deniers of said fiber having a twist of about 1.5 
turns per inch or less are disposed outwardly adjacent ther 
to. 

Core tube 1 may be made from rubber or other flex- 
ible polymeric materials such as for example nylon or poly- 
urethane. Core tubes suitable for use in hoses of the 
invention generally have bore sizes that range from 1/8" 
to about 1-1/2" in diameter with wall thicknesses that 
range from about .030" to about .250" depending on the ma- 
ter ial used and the particular application. 

Although not shown in FIGURE 1, the fibers with- 
in each layer and between layers of hose embodiments made 
in accordance with the invention may be bonded to each 
other and to core tube 1 and sheath 7 by suitable means. 
A preferred method of bonding the fibrous layers together 
and to the sheath is to extrude a polymeric adhesive be- 
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tween the outermost fiber layer and the sheath and between 
the various layers of fibrous reinforcement during the pro- 
cess of making the hose. 

Although only one braided layer 6 is shown in 
5 FIGURE 1, it is to be understood that more than one braid- 
ed layer or combinations of braided and helically wound 
layers of fibrous reinforcement or helically wound layers 
of any suitable material may be used in hoses made in 
accordance with the invention provided that in the manner 

10 prescribed herein the innermost layer or layers of aro- 
matic polyamide fibers comprise a plurality of cords of 
said fiber having a twist of more than about 1.5 turns per 
inch and the one or more layers of polyamide fibers out- 
wardly adjacent thereto comprise a plurality of denier s of 

15 said fiber having a twist of about 1.5 turns per inch or 
less. 

Sheath 7 of the hose embodiment of FIGURE 1, as 
well as for all embodiments of hoses made in accordance 
with the invention, may be made from any suitable flexible 

20 material that provides the physical and chemical resistance 
characteristics desired as well as providing protection for 
the fibrous layers disposed between the sheath and core 
tube 1. Sheath 7 may, for example, be in the form of a 
metallic wire braicLor., it. may be formed by wrapping with 

25 a variety of materials or may be extruded from a flexible 
rubber , nylon, polyurethane or the like. A preferred 
embodiment of the invention is where core tube 1 is made 
from an extruded flexible nylon and sheath 7 is made from 
an extruded flexible polyurethane. 

30 FIGURE 2 illustrates an embodiment of hose 14 of 

the invention having helically wound reinforcement layers 
2, 3, 4 and 5 of aromatic polyamide fibers hereinbefore 
described for FIGURE 1 disposed about core tube 1 and en- 
closed by sheath 7. Other than the absence of the addi- 

35 tional braided reinforcement layer 6 shown in FIGURE 1, 
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the above description in regards to the hose 14 embodi- 
ment of FIGURE 1 also pertains to the hose 14 embodiment of 
FIGURE 2 since the incorporation of the stated layers of 
aromatic fiber provides the required twist relationship 
5 in the manner prescribed. 

FIGURE 3 illustrates an embodiment of hose 14 of 
the invention in which a third layer 8 of braided aromatic 
polyamide fibers is used in place of the opposite helically 
wound layers 4 and 5 of the embodiment of hose 14 shown in 

10 FIGURE 1. In the embodiment of FIGURE 3, first layer 2 of 
helically wound aromatic polyamide fibers is disposed in 
adjacent relationship about the outer surface of core tube 
1. Second layer 3 of aromatic polyamide fibers is wound 
helically about layer 2 in a direction opposite to the 

15 winding direction of layer 2 and braided third layer 8 

is disposed between layer 3 and sheath 7. Since braided 
layer 8 replaces layers 4 and 5 of FIGURE 1, it is required 
that the fibers of braided layer 8 comprise a plurality of 
the same or different deniers of aromatic polyamide fiber 

20 having a twist of about 1.5 turns per inch or less as here- 
inbefore described for layers 4 and 5 that are braided to- 
gether to provide layer 8. Otherwise,, the description 
herein relating to the hose 14 embodiment of FIGURE 1, 
also pertains to the hose 14 embodiment shown in FIGURE 3. 

25 Additional layers of reinforcement may be disposed between 
braided layer 8 and sheath 7. 

FIGURE 4 illustrates an embodiment of hose 14 of 
the invention wherein a first layer 9 of braided aromatic 
polyamide fibers is used to replace the layer of opposite- 

30 ly helically wound aromatic polyamide fibers comprising 

layers 2 and 3 of FIGURE 1. Since braided layer 9 is adja- 
cent to the outer surface of core tube 1 # the fibers in 
braided layer 9 comprise a plurality of the previously 
described cords of said fiber having a twist of more than 

35 about 1.5 turns per inch that are braided together. Second 
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layer 4 of aromatic polyamide fibers is wound helically 
about layer 9 and third layer 5 of aromatic polyamide fibers 
is wound helically about layer 4 in a direction opposite 
to the winding direction of layer 4, Core tube 1, and re- 
inforcement layers 4, 5 and 9 are enclosed by protective 
sheath 7. Since layers 4 and 5 are disposed outwardly ad- 
jacent to the innermost layer 9, the deniers of said fibers 
in each of layers 4 and 5 are twisted to about 1.5 turns 
per inch or less as described herein in regards to FIGURE 
1. 

FIGURE 5 illustrates an embodiment of hose 14 of 
the invention that is essentially the same as the embodi- 
ment shown in FIGURE 1 excepting that core tube 1 is a 
laminated structure comprising an inner layer 10 and an 
outer layer 11. A composite core tube 1, such as shown 
in FIGURE 5, can be used to advantage when, for example \ 
inner layer 10 is made from a material having good resis- 
tance to corrosive fluids and layer 11 is made from a ma- 
terial selected to provide a bonding means to a reinforce- 
ment layer adjacent thereto or to increase the flexibility 
of core tube 1 or both. A preferred embodiment of the 
invention is where inner layer 10 is made from an extruded 
flexible nylon material and outer layer 11 is made from an 
extruded polyurethane that can be softened by means of a 
solvent, such as n-methyl pyrolidone, such that at least a 
portion of the layer of aromatic fibers adjacent the outer 
surface of layer 11 become embedded in the outer surface 
thereof during the process of making hose 14. Such a sol- 
vating method may also be used where core tube 1 is made 
solely from a solva table polyurethane. 

FIGURE 6 shows an embodiment of hose 14 having 
two braided layers of fibrous reinforcement made from 
aromatic polyamide. First braided layer 12 of aromatic 
polyamide "fibers is disposed in adjacent relationship about 
the outer surface of core tube 1. Braided layer 12 corres- 
ponds to helically wound layers 2 and 3 described herein in 
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regards to the hose embodiments shown in FIGURES 1, 2, 3 
and 5. The fibers of layer 12 comprise a plurality of the 
previously described cords of said fiber having a twist of 
about 1.5 turns per inch or more that are braided together. 
5 Second braided layer 13 is disposed about braided layer 12 
and is enclosed by protective sheath 7. Braided layer 13 
corresponds to helically wound layers 4 and 5 described 
above in regards to the hose embodiments shown in FIGURES 
1, 2, 4 and 5. The fibers of layer 13 are made from aro- 

10 matic polyamide and comprise a plurality of the same or 
different deniers of said fiber having a twist of about 
1.5 turns per inch or less that are braided together. 
Although the embodiment of hose 14 shown in FIGURE 6 has 
only two braided layers. The position and twist relation- 

15 ship of layers 12 and 13 meet the requirement of the in- 

- -- vention. Additional braided and/or helically wound rein- 
forcement layers may be disposed between layer 13 and 
sheath 7 if such is desired. Aside from the absence of 
h. lically wound layers 2, 3,4 and 5 in the hose embodi- 

20 ment shown in FIGURE 6, the. description given in regards 
to the hose 14 embodiment of FIGURE 1 also pertains to 
the embodiment of FIGURE 6. 

Following Table I illustrates an example of the 
improvement of the flexing and pressure pulsation fatigue 

25 resistance associated with a hose made in accordance with 
the invention. 
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EXAMPLE A B C D 

Ambient Burst 42000-47000 43000-45000 38000-39000 37000-39000 
(psi) 

5 Elongation (%) 1.50 to 2.00 -2.75 to -2.50 -3.75 to -3.50 -5.50 to -5.00 
at 10,000 psi 

Volumetric Ex- 2.6 3.0 
pansion (cc/ft. 
at 10,000 psi) 

10 Flex Impulse 3735 41,771 5475 21,936 

(Cycles to 4665 24,244 6506 25,851 

failure at 2439 33,114 5768 

10,000 psi) 4992 40,265 

6323 20,108 

15 31,903 

~ (Average) ~4?3T 31,901 5916 23,894 

The flexing and pulsing conditions for the above examples 
were: 

Oil Temperature 150°F 

20 Impulse Rate (cycles per minute) • 35 

Flex Rate (cycles per minute). . . 60 

Oil Pressure Rise Rate S.A.E. 

Flexing Distance +1 Inch 

Hose Length 4-1/2 Inch 

25 The description of the Table I example is: 

A B C D 

Core Tube Nylon Composite Same as Same as 

Nylon Inner B B 

layer and 

30 polyurethane 

outer layer 

Reinforcement: 

(Numbered from 
core tube out- 
35 ward - Aromatic 
Polyamide Fiber 
unless other- 
wise noted) 
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NOTE: Where indicated as corded, 3000 denier 

comprises two-1500 denier corded together 
at the indicated twist. 4 500 denier com- 
prises three 1500 denier combined together 
5 at the indicated twist. 3300 denier re- 

fers to •'Dacron' 1 and comprises three 1100 
denier combined together at the indicated 
twist. 

Example n B M in Table 1 is a hose made in accor- 
10 dance with the invention and illustrates the improved re- 
sistance of flexing and pressure pulsation fatigue associat- 
ed therewith by exhibiting a distinctly higher average life 
cycle in comparison to Examples A, C and D under the testing 
conditions prescribed. Example "D" in Table I, illustrates 
15 that, although an improvement in flexing fatigue can be 
achieved when the third and fourth layers are corded with 
the same twist as the first and second layers, the combina- 
tion does not provide sufficient strength to meet the* mini- 
mum 40,000 psi burst requirements required of the particu- 
20 lar hose design evaluated in Table I. 

Although not completely understood, it is believed 
that placing a plurality of cords of aromatic polyamide fi- 
bers that are twisted to more than about 1.5 turns per inch 
in adjacent relationship about the outer surface of the core 

25 tube of the hose in the manner prescribed herein provides a 
means of increasing the elongation over that associated with 
a fiber having lesser twist and that such increased elonga- 
tion can be used to advantage in reducing the initial stress 
on fibers created by expansion of the core tube under pressure 

30 and that would naturally occur in compression on the inner 
portion of the hose and in tension on the outer portion of 
the hose in the region of flexing. It is also believed that 
the aromatic polyamide fiber layer or layers disposed about 
the outer surface of the core tube in the manner prescribed 

35 that comprise a plurality of cords having a twist of more 
than about 1.5 turns per inch are, because of the increased 
elongation associated therewith, able to transfer the load 
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created by pressurization and/or flexing of the hose of the 
invention to the outwardly adjacent layer or layers of aro- 
matic polyamide fibers hereinbefore described, having a 
twist of about 1.5 turns per inch or less such that effici- 
5 ent utilization of the strength available from the aromatic 
polyamide is realized. Thus the invention generally con- 
templates the use of a plurality of reinforcement layers of 
which at least two of the layers are comprised of polyamide 
fibers having the configuration position and twist relation- 

10 ships hereinbefore described. It is to be understood that 
the invention includes additional layers of fibrous rein- 
forcement disposed about the layers of aromatic polyamide 
fibers having the position and twisted relationship pres- 
cribed herein and that the mixing of conventional fibers 

15 such as "Dacron", aliphatic nylon, and the like, within 

and between the layers of aromatic polyamide fibers having 
the position and twisted relationship is likewise included 
within the scope of the invention. Additionally, the in- 
vention includes the use of fibers made from synthetic 

20 materials other than aromatic polyamide that have a ten- 
acity of from 12 to about 25 grams per denier with an 
elongation at break of about 2% to about 8% and that the . 
use of such fibers in the manner prescribed herein is 
within the scope of the invention. 

Some additional features of the invention are summarized 
as follows: 



0024512 



- 17 - 



i . An improved flexible reinforced hose adap- 
ted for use in the conveyance of fluids under pressure, 
said hose comprising a core tube having a laminated wall 
comprising an inner layer of extruded flexible nylon 
material and an outer layer of extruded flexible poly- 
ure thane material, a first layer of synthetic reinforce- 
ment fibers wound helically about the core tube with at 
least a portion thereof bonded to the core tube by embed- 
ment in the polyurethane material, a second layer of syn- 
thetic reinforcement fibers wound helically about the first 
layer, a third layer of synthetic reinforcement fibers 
wound helically about the second layer, a fourth layer of 
synthetic fibers wound helically about the third layer, 
a braided layer of reinforcement fibers disposed about 
the fourth layer, and a protective sheath disposed about 
the braided layer, said second layer wound in a direction 
opposite to the winding direction of the first layer and 
said fourth layer wound in a direction opposite to the 
winding direction of the third layer, said synthetic fibers 
of the helically wound layers having a tenacity of from 
about 12 to about 25 grams per denier and an elongation at 
break of from about 2% to about 8%, and said fibers of the 
braided layer comprising a nylon or poly (ethylene-tereph- 
thalate) ester material; wherein the improvement comprises: 
said hose having improved resistance to flexing and pres- 
sure pulsation fatigue provided by the synthetic fibers of 
the first and second layers comprising a plurality of the 
same or different denier s of said fiber corded together 
with a twist of more than about 1.5 turns per inch and the 
synthetic fibers of the third and fourth layers comprising 
a plurality of the same or different deniers of said fiber 
having a twist of about 1.5 turns per inch or less. 
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2 . The hose of item . 1 wherein the corded 
synthetic fibers that have a twist of more than about 1.5 
turns per inch have a twist of from about 4 to about 10 
turns per inch. 

3*. The hose of item 1 wherein the said syn- 
thetic fiber layers and the braided layer and sheath are 
bonded together by means of an extruded polymeric material . 

4. The hose of item 1 wherein the sheath is 
an extruded nylon or polyurethane material, 

5 \ A method of making an improved flexible re- 
inforced hose adapted for use in the conveyance of fluids 
under pressure and having improved resistance to flexing 
and pressure pulsation fatigue , said hose comprising a 
core tube, a plurality of reinforcement layers disposed 
about the core comprising at least two layers of synthetic 
fibers having a tenacity of from about 12 to about 25 grams 
per denier and an elongation at break of from about 2% to 
about 8% r and a protective sheath disposed about the rein- 
forcement material; the method including the steps of: 

(a) providing the core tube; 

(b) providing a cord of the said synthetic 
fiber by twisting to more than about 1.5 
turns per inch a plurality of the same or 
different deniers of the said fiber to 
provide an amount of the synthetic fibers 
determined suitable for the strength and 
coverage of the outer surface of the core 
tube desired; 

(c) providing the same or different deniers of 
said synthetic fiber having a twist of about 
1.5 turns per inch or less in an amount 
determined suitable to be used in combina- 
tion with the corded fiber of Step (b); 
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disposing the corded fiber of Step (b) 
and the fiber of (c) about the core tube 
in any one of the combinations of: (1) 
braiding a first layer comprising a plur- 
ality of the corded fibers of Step (b) 
in adjacent relationship about the outer 
surface of the core tube and braiding a 
second layer comprising a plurality of 
the fibers of Step (c) about the first 
braided layer; or (2) braiding a first 
layer comprising a plurality of the corded 
fibers of Step (b) in adjacent relationship 
about the outer surface of the core tube, 
helically winding a second layer comprising 
a plurality of the fibers of Step (c) about 
the first layer, and helically winding a 
third layer comprising a plurality of the 
fibers of Step (c) about the second layer 
in a direction opposite to the winding dir- 
ection of the second layer; or (3) winding 
a first layer comprising a plurality of the 
corded fibers of Step (b) helically in ad- 
jacent relationship about the outer surface 
of the core tube, and winding a second layer 
comprising a plurality of the corded fibers 
of Step (b) helically about the first layer 
in a direction that is opposite to the wind- 
ing direction of the first layer, and braid- 
ing a third layer comprising a plurality of 
the fibers of Step (c) about the second 
layer; or (4) helically winding a first 
layer comprising a plurality of the corded 
fibers of Step (b) in adjacent relationship 
about the outer surface of the core tube, 
and helically winding a second layer com- 
prising a plurality of the corded fibers of 
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Step (b) about the first layer in a dir- 
ection opposite to the winding direction 
of the first layer, and helically winding 
a third layer comprising a plurality of 
the fibers of Step (c) about the second 
layer in a direction that is opposite to 
the winding direction of the second layer, 
and helically winding a fourth layer com- 
prising a plurality of the fibers of Step 
(c) about the third layer in a direction 
that is opposite to the winding direction 
of the third layer? and 
(e) disposing a protective sheath about the 
reinforcement layer combinations provided 
by Step {d ) . 

6 . The method of item 5 wherein the corded 
fibers of Step (b) have a twist of from about 4 turns per 
inch to about 10 turns per inch. 

7 . The method of item 5 including disposing 
one or more reinforcement layers about the layer combina- 
tions of Step (d) prior to Step (c) . 

8.. The method of item 7 wherein only one 
layer of reinforcement is disposed between the layer com- 
bination of Step (d) and the sheath of Step (e), said layer 
disposed therebetween by braiding fibers of nylon or poly 
(ethylene-terephthalate) ester material • 

9 . The method of item 1 including bonding 
the layer combinations of Step (d) together and to the 
sheath of Step (e) by extruding a polymeric material 
therebetween . 

10 m The method of item 1 wherein the sheath 
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of Step (e) is provided by extruding a nylon or polyure- 
thane material. 

11. The method of item 1 wherein the core 
tube has two layers comprising an inner extruded flexible 
nylon layer and an outer extruded polyurethane layer. 

1 2 . The method of item 1 1 wherein the outer 
surface of the polyurethane layer is solvated during pro- 
cess of disposing the first fiber reinforcement layer 
thereabout of the combinations provided in Step (d) and 
at least a portion of the first layer fibers are embedded 
in the urethane as a result of the solvation thereof. 
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CLAIMS 

* 

What is claimed is: 

1. An improved flexible reinforced hose adap- 
ted for use in the conveyance of fluids under pressure, 
said hose comprising a core tube, a plurality of rein- 
forcement layers disposed about the core tube comprising 
5 at least two layers of synthetic fibers having a tenacity 
of from about 12 to about 25 grams per denier and an elon- 
gation at break of from about 2% to about 8%, and a pro- 
tective sheath disposed about the reinforcement layers; 
wherein the improvement comprises: said hose having 

10 improved resistance to flexing and pulsation fatigue pro- 
vided by the said synthetic fiber layers disposed about 
the core tube in any of the combinations of; (1) a first 
braided layer of the said fibers disposed in adjacent re- 
lationship about the outer surface of the core tube, a 

15 second braided layer of the said fibers disposed about the 
first layer, said fiber of the first layer comprising a 
plurality of the same or different deniers of said fiber 
corded together with a twist of more than about 1.5 turns 
per inch and said fibers of the second layer comprising a 

20 plurality of the same or different deniers of said fiber 
having a twist of about 1.5 turns per inch or less; or (2) 
a first braided layer of the said fibers disposed in ad- 
jacent relationship about the outer surface of the core 

25 tube, a second layer of the said fibers wound helically 
about the first layer, a third layer of the said fibers 
wound helically about the second layer in a direction 
opposite to the winding direction of the second layer, 
said fibers of the first layer comprising a plurality of 

30 the same or different deniers of said fiber corded to- 
gether with a twist of more than about 1.5 turns per inch, 



0024512 

- 23 - 

and said fibers of the second and third layer comprising 
a plurality of the same or different deniers of said fiber 
having a twist of about 1.5 turns per inch or less; or (3) 
a first layer of the said fibers wound helically in adjacent 
5 relationship about the outer surface of the core tube, a 
second layer of the said fibers wound helically about the 
first layer in a direction opposite to the winding direc- 
tion of the first layer, a braided third layer of the said 
fibers disposed about the second layer, said fibers of the 

10 first and second layers and said fibers of the braided 

third layer comprising a plurality of the same or differ- 
ent deniers of said fiber having a twist of about 1.5 
turns per inch or less; or (4) a first layer of the said 
fibers wound helically in adjacent relationship about the 

15 outer surface of the core tube, a second layer of the said 
fibers wound helically about the first layer, a third layer 
of the said fibers wound helically about the second layer, 
and a fourth layer of the said fibers wound helically about 
the third layer, said second layer wound in a direction 

20 opposite to the winding direction of the first layer and 
said fourth layer wound in a direction opposite to the 
winding direction of the third layer, said fibers of the 
first and second layers comprising a plurality of the 
same or different deniers of said fiber corded together 

25 with a twist of more than about 1,5 turns per inch and 
said fibers of the third and fourth layers comprising a 
plurality of the same or different deniers of said fiber 
having a twist of about 1.5 turns per inch or less. 

2. The hose of Claim 1 wherein the corded 
synthetic fibers that have a twist of more than about 1.5 
turns per inch have a twist of from about 4 turns per 
inch to about 10 turns per inch. 

3. The hos of Claim 1 wherein the first layer 
of the said synthetic fibers is bonded to the core tube. 
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^ 4. The hose of Claim 1 wherein one or more of 
the layers of the said synthetic fiber layer combinations 
are bonded together, 

5. The hose of Claim 1 wherein the wall of the 
core tube has two layers comprising an inner layer of ex- 
truded flexible nylon material and an outer layer of ex- 
truded flexible polyurethane material and at least a portion 
of the first layer of the said synthetic fibers is embedded 
in the polyurethane layer as a result of solvation of the 
outer surface of the polyurethane material • 

6. The hose of Claim 1 having one or more 
additional layers of reinforcement material disposed be- 
tween the sheath and the said synthetic fiber layer com- 
binations. 

7. The hose of Claim 1 having only one addi- 
tional reinforcement layer, said layer comprising braided 
nylon or poly (ethylene-terephthalate) ester fibers disposed 
about the said synthetic fiber layers combinations. 

8. The hose of Claim 1 wherein the sheath is 
an extruded flexible nylon or polyurethane material. 

9. The hose of Claim 4 wherein the layers are 
bonded together by means of an extruded polymeric mater- 
ial. 

10, The hose of Claim 1 wherein the sheath is 
bonded to the outermost layer of the said synthetic fiber 
layer combinations. 

11. The hose of Claim 7 wherein the sheath is 
bonded to the braided lay r. 
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12. The hose of 
sheath is bonded by means 
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Claims 9 or 10 wherein the 
of an extruded polymeric ma* 
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